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(1. Report from the Chairman 

Richard Karney 
(Director of the Office of Building Systems 
within the US Dept of Energy) 

T he buildings related Implementing Agreements (IA's) within the International Energy 
Agency may well be at a crossroads. New topics of research are emerging, both from 

the needs of individual countries and from the desires of the Committee of Energy Research 
and Technology (CERT). Many of these subjects deal with the larger global issues such as 
the environment, climate change, sustainability, and overall technology deployment. At the 
same time that these pressing needs are proposed, fiscal austerity will remain or increase 
in its prominence for all members of the IEA. Synergy contributes to the implementing 
agreements meeting their goals. 

Speaking of products, the quantity and quality of our information services is growing as 
communication technologies are continuously improved. The beginning of an ExCo 
information centre has already started with innovative products and services to the IEA and 
the world in the planning pipeline. The key to the final technology transfer of our research 
results lies in our ability to get the information to the target audience of experts, practitioners 
and end users. Improving our transfer and deployment capability gets the technology used. 
This has been a primary focus of the past year. 

I look forward to the forthcoming period for the ECBCS research program. With new and 
exciting projects on the horizon, opportunities for collaborative research with other 
Implementing Agreements and a solid foundation in place, our program will continue to grow 
to meet the needs of the IEA community and the world. I am pleased to outline these 
developments in this annual report. 
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(2. About the International Energy Agency 

T

he International Energy Agency (IEA) was established as an autonomous body within 
the Organisation for Economic Co-operatio11 and Developrnent (OECD) in 1974. Its 
purpose is to strengthen co-operation in the vital area of energy policy. As one element 

of this programme, member countries take part in various energy research, development and 
demonstration activities that are instituted through a series of Implementing Agreements and 
a solid foundation in place, our program will continue to grow to meet the needs of the IEA 
community and the world. I am pleased to outline these developments in this report. 

(3. About ECBCS 

A

pproximately one third of primary energy is consumed in non-industrial buildings such 
as dwellings, offices, hospitals, and schools where it is utllized for the heating and 
cooling , lighting and operation of a pplia nces. In terms of the total ene rgy end use. this 

consumption is comparable to that used in the entire transport sector. Hence the building 
sector represents a major contributor to fossil fuel use and carbon dioxide production. 
Following uncertainties in energy supply and concern over the risk of global warming, many 
countries have now introduced target values for reduced energy use in buildings. Overall, 
these are aimed at reducing energy consumption by between 15-30%. To achieve such a 
target, international co-operation, in which research activities and knowledge can be shared, 
is seen as an essential activity. 

Energy consumption in the residential 
commercial and services sectors in 1995 

Gas 340 

Heat 16 

Petroleum 
1-'roducts 
198 

other*1 

Combustion 
Renewable and 
Waste 49 

Source: Energy Statistics of OECD countries; /EA. 

* other includes geothermal, solar, wind, etc 

Industry 1101 

Total Final Consumption 
in 1995 

,,...·-=----� Transport 1065 

Residential 612 

** other includes agriculture. Commerce and public services, and non specified 

Energy used in the building sector of the OECO countries. 964 Million tonnes of oil equivalent 
(Mtoe) in residential, commercial and services sector; 3221 Mtoe Final consumption. 

In recognition of the significance of energy use in buildings, the International Energy Agency 
has established an Implementing Agreement on Energy Conservation in Buildings and 
Community Systems (ECBCS). The function of ECBCS is to undertake research and provide 
an international focus for building energy efficiency. Tasks are undertaken through a series of 
Aannexes that are directed at energy saving technologies and activities that support 
technology application in practice. Results are also used in the formulation of international 
and national energy conservation policies and standards. 
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ECBCS undertakes a diverse range of activities both through its individual Annexes and through 
centrally organised development and information exchange. ECBCS countries are free to choose 
which Annexes to take part in. Activities usually take the form of a 'Task Shared' Annex in which 
each country commits an agreed set of products. Occasionally, an Annex may be either wholly or 
partially jointly funded. More informal activities take place through Working Groups. 

Member Countries of the ECBCS 
There are currently 21 Member Countries of the ECBCS; these are: Australia, Belgium, Canada, 
Denmark, Finland, France, Germany, Greece, Israel, Italy, Japan, the Netherlands, New Zealand, 
Norway, Poland, Portugal, Sweden, Switzerland, Turkey, the United Kingdom and the United States 
of America. The Commission for the European Communities (CEC) also participates. 

Joining ECBCS 
Countries (through their respective governments) are welcome to join the Implementing Agreement 
of ECBCS. Full details are available from the ExCo Services Support Unit (ESSU see Sections 7 
& 8). 

(4. Developing the ECBCS Research Programme) 
ECBCS has introduced several mechanisms by which its research programme is developed. In 
recent times, these have substantially strengthened the work of the Implementing Agreement by 
focusing resources at specific needs. The elements of this development programme include: 

4.1 Strategic Planning 
Prioritising of activities is developed through the Strategic Plan, the most recent of which was 
published in November 1998. In formulating the Strategic Plan, each country first outlines its 
own priorities. Common needs are then identified and those priorities that are 
identified as being most likely to benefit from international activity are 
incorporated in the plan. Ideas for the Strategic Plan also come from -
existing Annex participants and from the results of current Annex 
activities. New priorities for the ECBCS's operating period 1998 - 2001 
include: 

• 

• 

• 

Sustainability; 
Energy Retrofit; 
Advanced Controls (Energy) Management System; 

• Dissemination. 

4.2 Future Buildings Forum 
Longer term research planning is developed through the Future Buildings Forum - 2025. This was 
established to identify long term energy, environmental and other issues that relate to buildings and 
their design and operation. Initiated by ECBCS, the Future Buildings Forum is now an instrument 
of all the building related IA's of the IEA. It operates through a series of specialist workshops at 
which ideas are formulated and at which new research ideas are proposed. 
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4.3 Interaction with Other Activities 
A further way in which ideas are progressed and duplication is avoided is through co-operation with 
other building related activities. These links have been considerably strengthened and include: 

Interaction with other building related Implementing Agreements and Technical Centres of the IEA, 
especially: 

• Solar Heating and Cooling; 
• Heat Pump Technologies; 
• District Heating and Cooling; 
• Energy Storage; 
• Photovoltaic Power Systems; 
• Demand Side Management; 
• The Centre for the Dernonslraliun and Dissemination of Energy Technology (CADDET): 

• GREENTIE; 
• Energy Technology Exchange (ETDE). 

Interaction with Solar Heating and Cooling takes place with regular joint meetings. 

Collaboration with other International Organisations. 

Other international organisations with which ECBCS has established links include: 

The lnternatlonal Council for Building Research Studies and Documentation (CIB) : This 
organisation is sponsored by both individuals and various groups or companies. CIB is responsible 
for developing building related committees, work groups and conferences. A memorandum of 
understanding has been established with CIB covering the dissemination of results and avoidance 
of duplication of effort. 

The EU Framework Programme: This framework programme sponsors research, primarily within 
the European Union countries. Parlicipaliun by lhe Commission for Europe in Lile ECBCS has 
provided much opportunity for shared results and the cross-pollination of ideas. 

International Standards Organisation (ISO): The ISO sets standards that can be adopted by 
individual countries or communities. Several ECBCS participants take part in ISO activities, thus 
ensuring the transfer of results and information for the development of Standards. 
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Q_s_. _T_he_E_C_B_C_S_R_e_s_e_a_rc_h_P_ro__;;g;;;:_r_a_m_m_e ____ ) 
The primary rationale tor ECBCS is its research programme. This is mainly undertaken through a 
series of Annexes. Typically, each Annex has a life span of 3-4 years, although extensions are 
possible if a continuing need for the activity is identified. Clear goals are set for each activity so that 
well defined products are generated. During the past year, three new Annexes have been initiated, 
three have been completed and six are ongoing. The current status of these activities is 
summarised: 

5.1 New ECBCS Research Annexes 
Newly established annexes include: 

Annex 35 Control Strategies for Hybrid Ventilation in both New and 

Retrofitted Office Buildings (HybVent}. 
HybVent is concerned with the efficient ventilation of non-residential 
buildings by means of ventilation systems that combine the best 
features of both natural and mechanical systems. The scope of the 
Annex is to obtain improved knowledge concerning the use of hybrid 
ventilation technologies especially in relation to: 

• The development of control strategies; 
• The development of methods to predict hybrid ventilation 

performance; 
• The implementation and demonstration of hybrid ventilation 

in real buildings. 

Proposed products include: 

• State-of-the-art review of hybrid ventilation technologies, control strategies and 
algorithms; 

Assessment of potential for hybrid ventilation retrofit; 
• A handbook on the principles of hybrid ventilation, including solutions for energy and cost 

efficient hybrid ventilation; 
• Recommendations on control strategies; 
• Analysis tools tor performance prediction of hybrid ventilation; 
• Decision tools for hybrid ventilation applications; 
• A report on measurement techniques tor diagnostics and commissioning of hybrid 

ventilation systems; 
• Demonstration and case study analysis. 

Operating Period: 1998 - 2002 
Operating Agent: Per Heise/berg, Aa/borg University, Denmark 
Participating Countries: Australia, Canada, Denmark, France, Greece, Italy and Japan 



Annex 36 Retrofitting in Educational Buildings - An Energy Concept 

Adviser for Technical Retrofit Measures 
Educational buildings such as kindergartens, schools, training centres and universities display 
many similar design, operation and maintenance features throughout IEA countries. lor example, 
such buildings frequently have similar structures, often need to be retrofitted and have high energy 
consumption. Because of the level of similarity that exists within this building sector, experiences 
gained in developing different approaches to combat similar problems, especially during retrofitting, 
can easily be transferred to other countries. 

Existing studies suggest that decision-makers often have difficulty in evaluating the potential of 
energy saving measures. There are few "rules of thumb" to enable a quick and easy estimation of 
the levels of required investment. To overcome this, a 'PC' based 'energy concept adviser' for 
economical retrofit measures is proposed. This will incorporate: 

• Simple prediction tools for retrofit concepts which allow the decision-maker to evaluate 
integrated construction, installation and lighting measures; 

• Costs, payback and energy and environmental performance analysis; 

• Simple methods for testing the efficiency of the applied 
measures. 

This AnnAx is Riso aimed at promoting energy and cost efficient retrofit measures and providing 
decision-makers with the confidence to evaluate and accept these concepts. 

EROS School Stuttgart, Germany A case study building which was reviewed at the planning stage 
of Annex 36. The original 1930's facade is retained with insulation applied to the internal walls. 
Special care was necessary to avoid thermal bridging. 

Operating Period: 1998 - 2002 
Operating Agent: Hans Erhorn, Fraunhofer Institute, Germany 
Participating Countries: Denmark, Finland, Germany, Portugal, Sweden, United 
Kingdom and the United States of America 



Annex 37 Low Exergy Systems for Heating and Cooling of Buildings 
Low 'exergy' is concerned with using 'low quality' energy sources. For space heating, this means 
using 'low' temperature heat sources while, for cooling, it means using 'high' temperature 'waste' 
sources. As a consequence, the differential between the energy source temperature and the 
desirea space conditioning temperature is very small. The development of this type of approach is 
a pre-requisite for the wide spread use of 'alternative' energy sources. Above all, the strategy must 
fulfil the thermal requirements of building occupants. 

The overall objectives of the Annex are: 

• To investigate the potential for replacing 'high value' energy sources (e.g. fossil fuels and 
electricity) by 'low value' sources (e.g. ground sources, 'waste' heat etc.) and to assess 
its impact on global issues such as the reduction of greenhouse gas emissions; 

• To assess existing technologies and components for low exergy heating and cooling in 
buildings and to enhance the development of new technologies; 

• To assess and provide the necessary tools for the evaluation of low exergy systems; 

• To develop a strategic means for introducing low exergy solutions in buildings by 
demonstration, design tools and guidelines. 

Project period: 1999-2002 
Operating Agent: Markku Virtanen, VTT, Finland, 
Participating Countries: To be confirmed. 

5.2 On-going Activities 
In addition to new research work, there is a comprehensive programme of on going activities; these 
include: 

Annex 5: The Air Infiltration and Ventilation Centre 
In 1999, the AIVC marks its twentieth year of operation. During this time, the Centre has maintained 
a technical information service to policy makers, practitioners and researchers. Currently funded by 
twelve countries, it has developed an extensive range of innovative dissemination products 
including: 

• AIRBASE the AIVC's bibliographic database: This contains reference to over 12,000 
library items covering ventilation research and development; 

• International Library Service: The AIVC provides an international library service and 
responds to requests for over 6000 items of literature each year; 

• Quarterly Newsletter and Library Bulletin: A regular newsletter and library bulletin is 
sent to over 2500 organisations. 

• Technical Guides, Reports and CD's: The Centre has produced a series of 
comprehensive guides. The most recent publication covers applicable numerical 
models for ventilation analysis. This will shortly be complemented by a 'CD' numerical 
data guide; 

• Bibliographies: A wide range of topical bibliographies and literature lists are produced; 



• AIVC Web-Site and Bookstore: Considerable use is made of the Internet to disseminate 
information and to provide a focus for the AIVC. It is regularly accessed by organisations 
in over 60 countries. The web-site also provides a focus for the AIVC's successful 
bookstore and attracts many purchasers through on-line ordering; 

• Annual Conference: The Centre organises an annual conference aimed at important topic 
areas. 

As ll1e AIVC approacl1es llie 11ew Millennium, it has beyu11 Lu develuµ a ::;Lralegy aimed at securing 
its longer-term future. This has been undertaken by reducing its dependency on jointly funded 
country contributions. The approach is wider dissemination of products to industry, and partnership 
with industry on promoting ventilation technology. 

Current Project Period: 1998 - 2001 (Annex established in 1989) 
Operating Agent: Martin Liddament, Oscar Faber Applied Research, UK 
Participating Countries: Belgium, Denmark, Finland, France, Germany, Greece, 
Netherlands, New Zealand, Norway, Sweden, United Kingdom and the United States of America 

Annex 21 Evaluation and Demonstration of Domestic Ventilation 

Systems 
Dwellings represent about 25 - 30% of energy use in the OECD countries. Of this, ventilation losses 
can represent up to half of the total energy loss. Since ventilation is essential for health and we!!­
being, any energy reduction must be based on the efficient use of ventilation. Annex 27 has focused 
on securing such ventilation technology for the home. 

The objective of this Annex is to: 

• Develop methods for evaluating domestic ventilation systems; 
• Validate the methods with data obtained from measurements; 
• Demonstrate and evaluate domestic ventilation systems for different climates, 

building types, and use. of the. dwelling 

These methods and systems are intended for existing and future domestic buildings 
that require heating. Subtasks included: 

• State of the art with the purpose to give an overview of frequently used system solutions; 
• Development and valuation of evaluation methods with the purpose to define 

parameters select and develop methods for evaluation; 
• Evaluation, demonstration, and application of current and innovative 

ventilation systems with the purpose of evaluating methods for a set of variables and 

demonstrate different ventilation systems. 

This activity has been completed with a handbook of evaluation tools and examples. A further 
extension to this task is expected to produce a CD-ROM version of these tools using Visual Basic. 

Project Period: 1993 - 1998 
Operating Agent: Lars-Goran Mansson, LGM Consult, AB Sweden 
Participating Countries: Canada, France, Italy, Japan, Netherlands, Sweden, UK, and 
the United States of America. 
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Annex 29 Daylight in Buildings (in conjunction with Solar Heating 

and Cooling Programme} 
This activity has been involved with advancing 'daylighting' technologies and promoting daylight 

conscious buildings. It is an activity that has been undertaken jointly with solar heating and cooling. 

The products are aimed at both new and existing buildings with a high aggregate electricity saving 

potential such as offices, schools, commercial and institutional buildings. Systems were evaluated 

by laboratory analysis, computer simulations and case studies. 

The main deliverables include: 

• A system specific design guide on daylighting systems, and control systems providing 
recommendations on systems, integration and performance data on energy savings 
potential; 

• A set of daylighting design tools that markedly improve the designer's ability to predict the 
performance of daylighting systems and control strategies and to evaluate the impact of 
daylight integration on the overall design concept; 

• A case studies report documenting measured data on daylighting performance, 
energy consumption and user appraisal of the environmental conditions. 

Project Period: 1995 - 1999 
Operating Agent: Kjeld Johnsen, Danish Building Research Institute, Denmark 
Participating Countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France, 
Germany, Italy, Netherlands, New Zealand, Norway, Switzerland, Sweden, United Kingdom and the 
United States of America 

Annex 30: Bringing Simulation to Application 
This Annex is focused on producing a compilation of calculation and numerical models used for 
building analysis. Activities include: 

• Documenting calculation models; 
• Identifying models appropriate for each step of the design process; 

• Providing improved communication between model developers and users; 

• Developing means of data exchange. 

The results of this task are currently being compiled into a simulation handbook. A CD-ROM is also 
being produced containing simulation models and data. 

Project Period: 1995 - 1999 
Operating Agent: Prof. Jean Lebrun, Universite de Liege, Belgium 
Participating Countries: Belgium, Finland, Germany, Poland and the United Kingdom 



Annex 31: Energy Related Environmental lmpac of Buildings 
The aim of this study is to understand the total energy and environmental impact of buildings. This 
is based on such factors as the life cycle of the building itself combined with energy and material 
throughput during building use. The results are being compiled into a compmhfmsive handbook 
covering: 

• Ttieury; 
• Analytical Evaluation Tools; 

Applications; 
• Benchmarks; 
• Databases; 
• Case Studies. 

/\n important part of tho study has been the application of tools for such analysis and the 
comparison of the performance of these tools. This activity has, so far, highlighted a gap between 
the performance of present tools and future needs. The target audience for this work includes 
professionals, researchers and teachers. 

lnltlatfve 

Finonoo 
Investor 
Client 

Manufacturers 

Governments 

Design - Construction/Renovation 

Daslgnar 
Co ntractor 

Facility Management 

Utllttles. Authorities 

Demolltlon 

Wasta 
Managers, .> Recycling 
Industry 

Components of the Building Life-Cycle Phases 

Project Period: 1997 - 2000 
Operating Agent: Peter Russell, Canada Mortgage and Housing Corporation, Canada 
Participating Countries: Australia, Canada, Denmark, Finland, France, Germany, Japan, 
Netherlands, Norway, Sweden, United Kingdom and the United States of America 

Annex 32: Integral Building Envelope Performance Assessment 
A good envelope design should be the result of a systematic approach, incorporating checking all 
relevant elements. A new approach incudes considering all aesthetic and physical properties to be 
fulfilled by that envelope, integrated with the function or Lile building as a whole. The objective of 
this Annex is to develop the methodology and the performances which will support the integral 
design and evaluation process for building envelopes with the aim of achieving significant energy, 
environmental and comfort design. Although the envelope, in itself, is a crucial element for the 
overall performance of the building, the interaction with other building components and the climatic 
control systems are of equal importance. Therefore, the emphasis of the Annex is on the overall 
performance of the building seen from the perspective of the envelope. While the focus is on energy 
efficiency, high quality is aimed at when it comes to aspects like durability, comfort, acoustics and 
moisture etc. 



The Annex is divided into two subtasks: 

Subtask A: Assessment Methodology: The objective of this subtask is to develop a 
comprehensive assessment methodology based on performance criteria leading to rational 
strategies for the optimisation of building envelopes with respect to their energetic and 
environmental qualities. 

Subtask B: Evaluation Methodology and Design Tools: The objective of this subtask is to test, 
further develop and evaluate integral design tools, by application on test cases. 

Operating Period: 1996-1999. 
Operating Agent: Belgium, Professor Hugo Hens, KU-Leuven, 
Participants Countries: Belgium, Canada, Denmark, Finland, Netherlands, Sweden, and 

Switzerland. 

Annex 33: Advanced Local Energy Planning 
Energy saving potential will only be maximised when a strategy encompasses an entire community. 
The purpose of this Annex, therefore, is to apply modern statistical and analytical tools that have 
been developed for scientific system analysis to the area of local or urban energy and 
environmental planning. The approach has been one of direct application to specific towns and 
cities within participating countries. 

Once such a model is established for a specific case study, different scenarios can be simulated 
and the outcomes predicted. This enables the planner to prepare solutions for optimum strategic 
planning of the municipal energy system. 

The Annex is subdivided into 3 Subtasks (Figure below) covering: 

• Transfer and Sharing of Knowledge; 
• Case Studies; 
• Guidebook Production and Dissemination. 

Subtask 1· 
Share Knowtadge 

Baalllcata 
Torino 

(ttaly) 

Subl""k 3: --1 
LEP Guidebook 

Natlonal Dlsseminalion 

I Subl•k 2 
Case Studies J 

Structure of Annex 33, Advanced local Energy Planning 

Operating Period: 1997 - 2000 
Operating Agent: Dr. Reinhard Jank , KEA GmbH, Germany 
Participant Countries: Canada, Germany, Italy, Netherlands, Poland, Sweden, Turkey and the 
United States of America 



Annex 34: Computer Aided Fault Detection and Diagnosis 
Analysis indicates that a 20-30% energy saving in commercial buildings is achievable by re­
commissioning of the HVAC systems to rectify faulty operation. Current strategies do not explicitly 
optimise performance and cannot respond to the occurrence of faults that cause performance to 
deteriorate. The objective of this Annex is to work with control manufacturers, industrial partners 
and/or building owners and operators to demonstrate the benefit of computer aided fault detection 
and diagnostic systems. Methods are based on either stand alone "PC" based systems or 
incorporated within a future �eneration of "smart" buildin� control systems. 

Subtasks include: 

• Constructing a prototype performance validation system for assisting with 
lt1e [i11al :;laye:; ur ll 1e e;ornrnissioning or re-commissioning of HVAC 
systems; 

• Constructing prototype performance monitoring systems to detect 
unsatisfactory performance by comparing c:urrnnt perform;mc:e with that 
predicted by a reference model; 

• Interfacing prototype systems to building control systems; 
• Testing and demonstrating performance validation and monitoring systems in real 

buildings. 

Completion is scheduled for the year 2001. 

Operating Period: 1997 - 200 1 
Operating Agent (joint): Or Arthur Dexter, University of Oxford, UK/ Or Jouko Pakanen, V T T  
Building Technology, Finland 
Participating Countries: Belgium, Canada, Finland, France, Germany, Hong Kong 
(China) Japan, Netherlands, South Korea (provisional), Sweden, Switzerland, United Kingdom and 
the United States of America 

5.3 Completed Research 

Recently completed projects include: 

Annex 28 Low Energy Cooling 
The refrigerative cooling of buildings contributes significantly to energy demand, and hence 
greenhouse gas emissions, of non-domestic buildings. In addition, demand for good thermal 
comfort is resulting in the wider use of air conditioning. In response to concern over the resultant 
impact on greenhouse gas emissions, the IEA's Future Building Forum held a workshop on 
Innovative Cooling in 1993. This identified a number of technologies with the potential to reduce the 
need for conventional cooling. As a follow-up, Annex 28 (Low Energy Cooling) was established. The 
primary objectives of this Annex were to identify cooling approaches and to demonstrate their 
performance. The emphasis was on 'passive' and 'hybrid' cooling strategies. Primary 
considerations included ensuring that: 

• The life cycle costs (including energy and maintenance etc.) were less than 
conventional systems; 

• The level of thermal comfort is comparable with conventional systems; 
• The technologies are sufficiently robust to changes in building occupancy and use; 

13 



• The design concepts of such systems are well defined and that good guidelines are 
available for all stages; 

• 

• 
The necessary design tools are available in a form which designers can use in practice; 
The cooling system is shown to integrate with the other systems (e.g. with heating and 
ventilation) as well as with the building and control strategy. 

Subtasks covered: 

• Description of Cooling Methods; 
• Development of Design Tools; 

- Selection Guidance;- Early Design Guidance; - Detailed Design Tools; 
• Case Studies. 

Fundamental to this activity was an evaluation by demonstration. The evaluation of case studies 
presents a unique opportunity to exchange and gain experience from technologies tested under 
scientific conditions. The aim was to select prestige buildings in which substantial energy savings 
had been made over conventional technology and in which good thermal comfort was secured. 

Working Group - Indicators of Energy Efficiency in Cold Climate Buildings 
Working Groups provide a more informal means of undertaking ECBCS research and, in some instances, 
is used as a pre-study to an Annex. Indicators of Energy Efficiency in Cold Climates is the 6th ECBCS 
Working Group and has recently been completed. Its task was to provide a means of comparing energy 
efficiency between buildings, taking into account climatic differences. 
Indicators included: 

• 

• 

• 

• 

• • 

Energy data for each house; 
Energy source for heating and hot water; 
Floor area; 
Basic Construction type and equipment characteristics; 
Age of building; 
Climate; 
Number of occupants . 

Major conclusions were: 

• The ranking of houses by different indicators is critically dependent on the treatment of electrical 
energy (i.e. conversion to primary energy); 

• Space heating energy is declining in importance. Indicators need to reflect total energy 
consumption; 

• Homes with similar physical characteristics and equipment are likely to maintain their relative 
ranking across a broad range of indicators; 

• The quality of the indoor environment (temperature, air quality etc.) is not adequately reflected 
by any of the indicators used in the study. 

14 



This project sought to understand the implications of using specific indicators on large, poorly defined 
groups of houses by examining the impact on a small group of well defined homes. This approach 
emphasised the building science aspects of the indicators rather than the statistical aspects of large 
datasets. This approach was not as successful as had been hoped because of the complexity of 
attempting to develop a standard measure. Nevertheless this project demonstrated some of the 
fundamental problems with indicators at both practical and physical levels. 

Project Period: 1995 - 1999 
WG Chairman: Alan Meier, Lawrence Berkeley Laboratory, United States of America 
Participating Countries: Canada, Finland, Germany, Japan, Norway, Poland, Sweden and the United 
States of America 

These case study buildings are located in various countries representing a very diverse range of 
climatic conditions from hot and humid to dry and cool (see Table). The various climate conditions 
give markedly different pre-requisites for the studied technologies. The suitability of a technical 
alternative is thus often dependent on the location of the building. 
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Location of Annex 28 Case Study Buildings and the Applied Technology 

Project Period: 1995 - 1999 
Operating Agent: Denice Jaunzens, BRE Ltd.I Nick Barnard, Oscar Faber Applied Research, 
United Kingdom 
Participating Countries: Finland, France, Germany, Netherlands, Portugal, Sweden, Switzerland, 
United Kingdom and the United States of America 
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(_6_.0 �D_is_s_e_m�in_a_t_io _n�����������) 
A target of the present operating period has been to broaden the dissemination of ECBCS research 
and results. To achieve this, ECBCS and its associated Annexes have continued to develop new 
information and dissemination products. While many reports are disseminated through individual 
country mechanisms, ECBCS now maintains a central bookstore through which information 
products are distributed throughout the world. This has had a significant affect on the penetration 
of Annex information. The range of products include: 

Annex Reports 
These are the major output of each Annex and provide comprehensive detail about the work. They 
are usually presented at a high technical level and are aimed at researchers and specialists. A list 
of recent reports and other publications is presented in the Appendices. 

Technical Synthesis Reports 
The results of completed Annexes are summarised in the form of Technical Synthesis Reports. 
These aim to be relatively short (36 - 48 pages) but give a good technical account of the Annex 
activity, results and conclusions. The target audience includes policy-makers, engineers and those 
who wish to obtain a general overview of the topic. 

Recently published reports cover: 

• Building Energy Management Systems; 
• Demand Controlled Ventilation Systems; 
• Thermal Modelling; 
• Fault Diagnosis and Detection; • Air Flow in Large Enclosures. 

CD-ROMS 
Increasing use has been made of CD format as an additional choice for reports and data. Among 
the products available in this format is AIRBASE the AIVC's (Annex 5) Bibliographic Database. 

Newsletter 
ECBCS produces a twice-yearly newsletter that is distributed free-of-charge to interested 
organisations. This contains regularly updated information an Annexes and other activities of the 
ECBCS. Individual Annexes also produce various newsletters and information bulletins. 

Other Promotional Material 
Promotional material such as Annex brochures, information sheets and displays are produced on a 
regular basis to provide updated information about specific ECBCS activities. A series of single 
page brochures aimed at publicising major publications has proved to be very successful in 
promoting the results of completed activities. 

World Wide Web (http://www.ecbcs.org) 
The ECBCS web site contains links to all active Annexes as well as other related research. It also 
contains versions and details of all ECBCS and annex reports, newsletters etc. Accessions average 
over a thousand each week from users in almost 60 countries. Through the web site it is possible 
to learn about and to order ECBCS publications. 

Slide Show 
A 'slide show' has been produced summarising all of the activities of the ECBCS. 
This is regularly updated and can be downloaded from the ECBCS Web site. 
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(7. ExCo Support Services Unit (ESSU) ) 
To be formally inaugurated in June 1999, The ExCo Support Services Unit (ESSU) has been 
established to provide a secretariat and dissemination outlet for ExCo related projects. Its primary 
functions are: 

• Administration of ECBCS activities; • Programme Support; • Developing and co-ordinating the dissemination of results; 
Producing technical synthesis reports and other summary information; 

• Publishing the ECBCS Newsletter; 
• Maintaining the ECBCS Web Site. 

ESSU is responsible for maintaining all the ECBCS dissemination activities and draws approximately 
10% of its annual operating costs of approximately £86,000 from sales of products. 

( 8. For Further Information ) 
Further information about ECBCS can be obtained from: 

ExCo Services Support Unit (ESSU) 

Sovereign Court 

Sir William Lyons Road 

COVENTRY CV4 7EZ 

Tel: +44 (0)24 76 692050 

Fax: +44 (0)24 76 416306 

e-mail: essu@aivc.org 

( 9. Annex Publications (1997-1999) ) 
News 
Blacknell J (Editor) 
UK, ECBCS ExCo Support 
Sen;ices Unii, 1984-, 16pp., 
biennial journal. 

Annex 5 
Airbase Bibliographic Database 
(software) Blacknell J (Editor) 
UK, Air Infiltration and Ventilation 
Centre, 1979-present, 12,000 
records, updated quarterly 

Recent Additions to Airbase 
Blacknell J (Editor) UK, Air 
Infiltration and Ventilation Centre, 
quarterly listing of records added 
to the AIVC's bibliographic 
database, Airbase 

Air Infiltration Review 
Blacknell J (Editor) UK, Air 
Infiltration and Ventilation Centre, 
1979-, 16pp, quarterly journal 

Ventilation in Schools - an 
Annotated Bibliography 
Limb M J UK, Air Infiltration and 
Ventilation Centre, 1997 

Ventilation and Acoustics - an 
Annotated Bibliography 
Limb M J 
UK, Air Infiltration and Ventilation 
Centre, 1997 

Ventilation and Cooling 
UK, Air Infiltration and Ventilation 
Centre, 1997, Proceedings of the 
18th AIVC Conference, Athens, 
Greece, September 1997. 
Energy Impact of Ventilation -
Estimates for the Service and 
Residential Sectors 
Orme MS 
UK, Air Infiltration and Ventilation 
Centre, 
1998, AIVC TN 49 

Ventilation Technology in Large 
Non 
Domestic Buildings 
Dickson D 
UK, Air Infiltration and Ventilation 
Centre, 
1998, AIVC TN 50 

Passive Cooling Technologies in 
Office Buildings - an Annotated 
Bibliography 
Limb M J 
UK, Air Infiltration and Ventilation 
Centre, 1998 
Ventilation Technologies in Urban 
Areas UK, Air Infiltration and 
Ventilation Centre, 
1998, Proceedings of the 19th 
AIVC Conference, Oslo, Norway. 



Annexes 1 6  and 1 7  
Building Energy Management 
Systems -
Technical Synthesis Report 
Mansson L-G, Mcintyre D 
(summarised by) 

UK, ESSU, 1 997, 40pp. 

Annex 1 8  
Demand Controlled Ventilating 
Systems -
Technical Synthesis Report 
Mansson L-G, Svennberg S A  
UK, ESSU, 1 997, 42pp. 

Annex 21 
Calculation of Energy and 
Environmental 
Performance of Buildings -
Technical 
Synthesis Report 
Mansson L-G 
UK, ESSU, 1 998, 28pp. 

Annex 24 
Performance and Practice - Final 
Report Volume 5 

Hagentoft C-E 
Belgium,  KU Leuven, 1 998, 56pp. 

Annex 25 
Real Time Simulation of HVAC 
Systems for Bui lding Optimisation, 
Fault Detection and Diagnosis. 
Technical Papers of I EA Annex 25 
Hyvarinen J (Editor) 
Finland, Technical Research 
Centre, Bui lding Technology, 1 997. 

Annex 26 
Analysis and Prediction 
Techniques 
Heiselberg P K, M urakami S, 
Roulet C-A (Editors) 
Denmark, Aalborg University, 1 998 

( 10. The Annexes 
Annex 1 :  Load Energy Determination of Buildings (1 977-80)* 
Annex 2:  Ekistics and Advanced Community Energy Systems ( 1 976-78)' 
Annex 3: Energy Conservation in Residential Buildings (1 979·82)* 
Annex 4: Glasgow Commercial Building Monitoring ( 1 979-82)* 
Annex 5:  Air I nfiltration and Ventilation Centre ( 1 979-
Annex 6: Energy Systems and Design of Communities (1 979-81 )* 
Annex 7: Local Government Energy Planning (1 981 - 1 983)* 
Annex 8:  Inhabitant Behaviour with Regard to Ventilation (1 984-87)* 
Annex 9: Minimum Ventilation Rates (1 982-86)* 
Annex 1 O: Building HEVAC Systems Simulation (1 982-87)* 
Annex 1 1 :  Development of Tools for Energy Auditing of Buildings ( 1 982-87)* 
Annex 1 2: Windows and Fenestration (1 982-86)' 
Annex 1 3: Energy Management i n  Hospitals ( 1 985-89)' 
Annex 1 4: Condensation and Energy ( 1 987-90)* 
Annex 1 5: Energy Efficiency in Schools ( 1 988-90)* 

Case Studies 
Mueller D, Vogl N (Editors) 
Germany, RWTH Aachen, 1 998, 
92pp. Energy Efficient Ventilation 
of Large Enclosures - Technical 
Synthesis Report 
Liddament M W (Editor) 
UK, ESSU ,  1 998 

Annex 28 
Low Energy Cooling - Case 
Study Bui ldings 
Zimmermann M, Andersson J 
(Eds.) 
Switzerland, EMPA ,  1 998 

Future Bui ldings Forum 
Towards Sustainable Bui ldings- A 
Workshop on Defining 
Collaborative R & D Needs -
Proceedings and Concept 
Papers 
September 1 998 

) 

Annex 1 6: Building Energy Management Systems 1 : User I nterfaces and System I ntegration (1 987-9 1 ) *  
Annex 1 7: Building Energy Management Systems 2:  Evaluation & Emulation Techniques ( 1 988-92)* 
Annex 1 8: Demand Controlled Ventilation Systems (1 987-92)* 
Annex 1 9 :  Low Slope Roof Systems (1 987-93)' 
Annex 20: Air Flow Patterns within Buildings ( 1 988-91 )' 
Annex 2 1 : Calculation of Energy & Environmental Performance of Buildings ( 1 988-93)' 
Annex 22: Energy Efficient Communities ( 1 991 -93)' 
Annex 23: Multizone Air Flow Modelling ( 1 990-94)* 
Annex 24: Heat, Air and Moisture Transport ( 1 991 -95)' 
Annex 25: Real Time Simulation of HVAC-Systems for Building Optimisation, Fault Detection and Diagnosis ( 1 991 -95)' 
Annex 26: Energy Efficient Ventilation of Large Enclosures (1 993-96)' 
Annex 27: Evaluation and Demonstration of Domestic Ventilation Systems ( 1 993-1 999) 
Annex 28: Low Energy Cooling ( 1 993-97)' 
Annex 29: Daylighting in Buildings (participating via IA-SHC) 
Annex 30: Bringing Simulation to Application 
Annex 31 : Energy Related Environmental I mpacts of Buildings 
Annex 32: Integral Building Envelope Performance 
Annex 33: Advanced Local Energy Planning 
Annex 34: Computer Aided Fault Detection and Diagnosis 
Annex 35: Control Strategies for Hybrid Ventilation in New and Retrofitted Office Buildings (Hybvent) 
Annex 36: Retrofitting in Educational Buildings - Energy Concept Adviser for Technical Retrofit Measures 
Annex 37: Low Exergy Systems for Heating and Cooling of Buildings 

The working groups are: 
WG Energy Efficiency in Educational Buildings' 
WG Indicators of Energy Efficiency in Cold Climate Buildings' 

'Annex Completed 



(1 1 . Members of the Executive Committee ) 
AUSTRALIA 
Mr John Murray 
National Executive Director 
Master Ouilders Australia 
3rd Floor, Construction House 
2 17 Northbourne Avenue 
Turner, Canberra ACT 2612 
AUSTRALIA 

Tel:+61 6 249 1433 
Fax : +61 6 249 1373 
e-mail: mbaust @ ozemail.com.au 

(Alternative) 
Prof John Ballinger 
National Energy Advisor 
Master Builders Australia 
3rd Floor, Construction House 
2 17 Northbourne Avenue 
Turner. Canberra ACT 2612 
AUSTRALIA 

To!: 1 6 1 2 '1 '165 1 2 1 2  
Fax : +61 2 4465 1217 
e-mail: jilliby @ shoalhaven.net.au 

BELGIUM 
Prof Jean Lebrun 
Lab.de Thermodynamique 
Universite de Liege 
Campus du Sart-Tilman 
Batiment B49 
Chemin des Chevreuils 
B 4000 Liege 
BELGIUM 

Tel: +32 43 664801 
Tel: (Secretariat) +32 43 664800 
Fax : +32 43 664812 
e-mail: J.LEBRUN @ U LG.AC.BE 

(Alternative) 

Lizi Meuleman 
Ministry of Economic Affairs 
Energy Department 
E Jacqmainlaan 154 
1000 Brussels 
BELGIU M  

Tel: +32 2 206 4506 
Fax : +32 2 206 5732 
e-mail: energy @ pophost.eunet.be 
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CANADA 
Dr Sherif A Barakat 
Director General 
National Research Council 
Canada 
Institute for Research in 
Construction 
Building M-20, Ottawa, Ontario 
K1 A OR6 CANADA 

Tel:+ 1 613 993 2443 
Fax :+1 613 941 0822 
e-mail: sherif.barakat @ nrc.ca 

CEC 
Dr Ing.  Flavio Cor i li 
Renewable Energies Unit 
Environmental Institute 
Joint Research Centre 
EUROPEAN COMMISSION 

1-21020 ISPRA (Va) 
ITALY 

Tel: +39 (0) 332 78 9299 
Fax: +39 (0) 332 78 9992 
e-mail: flavio.conti @ jrc.it 

DENMARK 
Mr Bjorn Hafstrom 
Head of Section, Energy R & D 
Danish Energy Agency 
44 Amaliegade 
DK- 1256 Copenhagen K 
DENMARK 

Tel :  +45 33 92 75 55 
Fax: +45 33 92 68 67 
e-mail: bkh @ ens.dk 

(Alternative) 
Mr Klaus Mandrup 
Energy R & D 
44 Amaliegade 
DK-1256 Copenhagen K 
DENMARK 

Tel: +45 33 92 6700 
Fax: +45 33 11 4743 

FINLAND 
Mr Esko Virtanen 
T EKES 
PO Box 09 
Malminkatu 34 
FIN-00101 Helsinki 
FINLAND 

Tel: +358 10 52 1 5833 
Fax : +358 10 52 1 5904 
e-mail: Esko.Virtanen @ tekes.fi 

(Alternative) 
Mr Heikki Kotila 
T EKES 
PO Box 69 
Malminkatu 34 
FIN-00101 Helsinki 
FINLAND 

Tel: +358 10 52 1 5873 
Fax : +358 10 52 1 5903 
emai l :  Hcikki .Kot i !a@ tckcc.f i  

FRANCE 
Mr Pierre Herant 
Batiment et Collectivites 
Agence de !'Environment ct de la 
Maitrise de l'Energie 
Centre de Sophia Antipolis 
06560 Valbonne 
FRANCE 

Tel: +33 4 93 95 7947 
Fax: +33 4 93 65 3196 
e-rnai l :p ierie.heian i @ aueme.fr 

GERMANY 
Mr Jurgen Gehrmann 
Forschungszentrum Julich 
Projekttrager Biologie, Okologie, 
Energia 
D 52425 Julich 
GERMANY 

Tel: +49 2461 614852 
Fax : +49 2461 61313 1 
e-mail :j .geh rmann @ fz-juelich.de 



(Alternative) 
Mr Andre Le Marie 
Forschungszentrum Julich 
Projekttrager Biologie, Energie, 
Umwelt 
Energie 
D 52425 Julich 
GERMANY 

Tel: +49 2461 61 6977 
Fax: +49 2461 61 3 1 3 1 
e-mail: beo43.beo @ fz-juelich.de 

GREECE 

Mr Dimitri Nomidis 
Head, Energy Saving Division 
Ministry of Development 
Michalacopoulou str. 80 
GR-101 92 Athens 
GREECE 

Tel: +30 1 7709100 
Fax: +30 1 7717612 
e-mail: kimonif @ otenet.gr 

IS RAEL 
Mr Joseph Nowarski 
Director - Energy Conservation 
Ministry of National Infrastructure 
P 0 Box 131 06 
Jerusalem 91 1 30 
IS RAEL 

Tel :  +972 2 53 1 6 1 15 
Fax: +972 2 531 6081 
e-mail: jnow@ mni.gov.il 

ITALY 

Dr Anna L De Carli 
ENEA 
C. R.E. Casaccia-Via Anguillarese 
301 
00060 S . Maria di Galeria (Roma) 
ITALY 

Tel: +39 06 304 83432 
Fax: +39 06 304 83930 
e-mail:decarli @ casaccia.enea.it 

JAPAN 
Prof Yuichiro Kodama 
Kobe Design University 
Gakuen-nishi 8- 1 - 1  
Nishi-ku, Kobe,JAPAN 

Tel/Fax: +81 78 796 2571 
e-mail: y-kodama @ kobe-du.ac.jp 

NETHERLANDS 
Mr Piet Heijnen 
NOVEM BV 
Swentiboldstraat 21  
P 0 Box 1 7  
61 30 AA Sittard 
THE NETHERLANDS 

Tel: +31 46 4 202265 
Fax: +31 46 4 528260 
e-mail: p.heijnen @ novem.nl 

NEW ZEALAND 

Mr Mark Bassett 
Building Research Association of 
New Zealand Inc 
(BRANZ) 
Private Bag 50908 
Porirua 
NEW ZEALAND 

Tel:+64 4 2357600 
Fax:+64 4 2356070 
email: branzmrb @ branz.org.nz 

NORWAY 
Dr J0rn Brunsell 
Norwegian Building Research 
Institute 
PO Box 1 23 Blindern 
N-03 1 4  Oslo 
NORWAY 

Tel: +47 22 96 55 46 
Fax: +47 22 96 57 25 
e-mail: 
Jorn.Brunsell @ byggforsk.no 

POLAND 
Prof Stanislaw Mierzwinski 
Silesian Technical University 
Faculty of Environmental 
Engineering and Energetics 
Dept of Heating, Ventilation & 
Dust Removal Technology 
ul Konarskiego 20 
44 101 Gliwice 
POLAND 

Tel: +48 32 2 37 1280 
Fax: +48 32 2 37 2559 
email: 
kowito @ kowito. ise.polsl .gliwice .pl 

PORTUGAL 
Mr Manuel Collares Pereira 
Centro para a Conservacao de 
Energia 
Estrada de Alfragide, Praceta 1 
Alfragide 
2700 Amadora 
PORT UGAL 

Tel:+351 1 471 82 35 
Fax:+351 1 471 13 1 6  
email: adm.cce @ mail. telepac.pt 

SWEDEN 
Mr Conny Rolen 
Swedish Council for Building 
Research 
Box 12866 
S- 1 1 2  98 Stockholm 
SWEDEN 

Tel: +46 8 61 7 73 69 
Fax: +46 8 653 74 62 
e-mail: conny.rolen@ bfr.se 

SWITZERLAND 

Mr Mark Zimmerman 
EMPA-KWA 
Ueberlandstrasse 129 
CH 8600 Duebendorf 
SWITZERLAND 

Tel: +41 1 823 4178 
Fax: +41 1 823 4009 
email: 
mark.zimmermann @ empa.ch 

(Alternative) 
Mr Hans-Peter Nuetzi 
Swiss Federal Office of Energy 
CH 3003 Bern 
SWITZERLAND 

Tel: +41 31 322 5649 
Fax: +41 31 323 2500 
email: 
hanspeter.nuetzi @ bfe.admin.ch 
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TURKEY 
Prof Dr Ruknettin Oskay 
METU Mech Eng Dept 
Makina Muhendisligi Bolumu 
Ot1a Dogu Teknik oniversitesi 
OG531 Ankara 
T URKEY 

Tel: +90 3 1 2  21 02539 
Fax: +90 312 2101 266 
e-mail: 
mecheng@ rorqual.cc. metu.edu.tr 

(Alternative) 

Prof A T  Tankut 
T he Scientific & Technical 
Research 
Council of Turkey 
T UB IT AK 
Attaturk Blvd 221 
061 00 Ankara 
T URKEY 

Tel: +90 4 468 2196 
Fax: +90 4 468 2196 

UK 
D r  Earle Perera 
Building Research Establishment 
Ltd 
Bucknalls Lane 
Garston, Watford 
Herts WD2 7J R 
UNITED KI NGDOM 

Tel: +44 (0) 1 923 664486 
Fax: 1 44 (0) 1 923 664796 
e-mail: pererae @ bre.co.uk 

Dr Martin Liddament 
Oscar Faber Group 
Sovereign Court 
Univ of Warwick Science Park 
Coventry CV4 7EZ 
UNITED KINGDOM 

Tel: +44 (0)24 76 692063 
Fax: +44 (0)24 76 416306 
e-mail: airvent@ aivc.org 

Mr Barry Austin 
Ove Arup & Partners 
13 Fitzroy Street 
London W1 P 480 
UNITED KINGDOM 
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Tel: +44 (0)20 7465 3063 
Fax: +44 (0)20 7465 3667 
e-mail: barry.austin @ arup.com 

USA 

Mr Richard Karney 
Department of Energy 
Building Systems & Materials 
Division 
Mail Stop EE-421 
1000 Independence Ave, SW 
Washington DC 20585 
UNITED STATES OF AME RICA 

Tel: + 1 202 !186 944!1 
Fax: + 1 202 586 1628 
e-mai l :  
richard.karney @ee.doe.gov 

IEA SECRETARIAT 
Mr Mel Kliman 
Office of Energy Efficiency, 
Technology, R & D 
9 Rue de la FQdQration 
75739 Paris Cedex 1 5  
FRANCE 

Tel: +33 1 4057 6785 
Fax:+33 1 4057 6759 
e-mail: kliman @ iea.org 

CHAIRMAN 

Mr Richard Karney (USA) 

VICE CHAIRMAN 
Dr J0rn Brunsell (Norway) 



( 1 2. List of Current Operating Agents ) 
ANNEX 5 
Dr Martin Liddament 
Oscar Faber Group 
Sovereign Court 
Univ of Warwick Science Park 
Coventry CV4 7EZ 
United Kingdom 

Tel: +44 (0)24 76 692063 
Fax: +44 (0)24 76 41 6306 
e-mail :  airvent @ aivc.org 

ANNEX 27 

M r  Lars-Goran Mansson 
LGM Consult AB 
Adler Salvius Vag 87 
S-1 4653 T ullinge 
SWEDEN 

Tel: +46 8 778 5006 
Fax: +46 8 778 8 1 25 
e-mail: lg. mansson @ lgm­
consult.se 

ANNEX 28 

Mr Steve Irving 
Oscar Faber Consulting Engineers 
Marlborough House 
Upper Marlborough Road 
St Albans Herts AL 1 3UT 
UNITED KINGDOM 

Tel: +44 1508 538808 
Fax: +44 1 508 538808 
e-mail: sj_irving @ msn.com 

ANNEX 29 

Kjeld Johnsen 
Danish Building Research Institute 
P 0 Box 119 
2970 Hoersholm 
DENMARK 

Tel: +45 4586 5533 
Fax: +45 4586 7535 
e-mail: kjj @ sbi.dk 

ANNEX 30 
Mr Jean Lebrun 
(See under Belgium) 

ANNEX 31 
Mr Peter Russell 
Peter Russell & Associates 
12 Mowat St 
Gloucester 
Ontario, K!J 6R2 
CANADA 

Tel:+1 613 744 8062 
Fax : +1 613 744 8873 
e-mail: prussellassoc @ home.com 

ANNEX 32 
Prof Hugo Hens 
KU-Leuven 
Lab for Building Physics 
Celesty nenlaan 131 
B 3001 Leuven (Heverlee) 
BELGIUM 

Tel: +32 16 22 0931 
Fax: +32 16 29 0006 
e-mail: 
hugo.hens @ bwk.kuleuven.ac.be 

ANNEX 33 
Mr R Jank 
KEA GmbH 
Griesbachstr. 1 O 
D-76 1 85 Karlsruhe 
GERMANY 

Tel: +49 (0)721 984710 
Fax: +49 (0)721 9847120 
email: 
101557.3354 @ compuserve.com 

ANNEX 34 (Joint) 
Dr Arthur Dexter 
Dept of Engineering Science 
Parks Road 
University of Oxford 
Oxford OX1 3PJ 
UNIT ED KINGDOM 

Tel: +44 01865 273007 
Fax : +44 01865 273906 
e-mail: arthurdexter @ eng.ox.ac.uk 

Dr Jouko Pakanen 
VTT Building Technology 
P 0 Box 1802 1 
FIN 90571 Oulu 
FINLAND 

Tel: +358 8 551 2033 
Fax: +358 8 551 2090 
e-mail: joukopakanen @ vtt.fi 

ANNEX 35 
Per Heiselberg 
Indoor Environmental Engineering 
Aalborg University 
Sohngaardsholmsvej 57 
DK-9000 Aalborg 
DENMARK 

Tel: +45 9635 8541 
Fax: +45 9814 8243 
e-mail: ph@ civil.auc.dk 

ANNEX 36 
Hans Erhorn 
Frauhofer Institute of Building 
Phy sics 
Nobelstr. 12 
D-70569 Stuttgart 
GERMANY 

Tel: +49 711 970 3380 
Fax: +49 711 970 3399 
e-mail:erh @ ibp.fhg.de 

ANNEX 37 
Markku Virtanen 
VTT Takennustekniikka 
PO Box 1804 
02044 VTT 
FINLAND 

Tel:+35 89 4564720 
Fax:+35 89 4552408 
e-mail: markku.j.virtanen @ vtt.fi 
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ExCo Services Support Unit (ESSU) 
Sovereign Court, Sir William Lyons Road 
COVENTRY CV'1 7EZ 
Tel: +44 (0)24 76 692050 
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